Craniopharyngiomas are the third most common pediatric brain tumor and most common pediatric suprasellar tumor. Contemporary treatment of craniopharyngiomas uses limited surgery and radiation in an effort to minimize morbidity, but the long-term health status of patients treated in this fashion has not been well described. The purpose of this study was to analyze the health status of long-term survivors of pediatric craniopharyngioma treated primarily with radiation and conservative surgical resection. Medical records of all long-term survivors of craniopharyngioma treated at St. Jude Children's Research Hospital and then transferred to the long-term follow-up clinic were reviewed. The initial cohort comprised 55 patients. Of these, 51 (93%) were alive at the time of this analysis. The median age at diagnosis was 7.1 years (range, 1.2Y17.6 years), and 29 (57%) were male. At the time of analysis, the median survival was 7.6 years (range, 5.0Y21.3 years). Diagnosis and treatment included surgical biopsy, resection (n = 50), and radiation therapy (n = 48). Only 1 patient received chemotherapy. Polyendocrinopathy was the most common morbidity, with hypothyroidism (96%), adrenocorticotropic hormone deficiency (84%), and diabetes insipidus (53%) occurring most frequently. Half of the patients were hypogonadal, and 33 (65%) were overweight or obese. The most common neurologic problems included shunt dependence (37%), seizures (28%), and headaches (39%). Psychological and educational deficits were also identified in a significant number of these individuals. Despite efforts to reduce morbidity in these patients, many survivors remain burdened with significant medical complications. In a small percentage of patients, complications may result in death even during extended remission of craniopharyngioma. Because of the broad spectrum or morbidities experienced, survivors of craniopharyngioma continue to benefit from multidisciplinary care.
C raniopharyngiomas are the third most common pediatric brain tumor, accounting for approximately 10% of the total, and are the most common pediatric suprasellar tumor (Poretti, Grotzer, Ribi, Schonle, & Boltshauser, 2004) . The median age at diagnosis is 8 years, and the racial and the gender distributions are about equal. Craniopharyngiomas are histologically benign and do not metastasize or spread in an aggressively invasive manner. These tumors frequently adhere to nearby brain tissue, making surgical resection difficult, and can cause brain damage by direct infiltration, compression, and inflammation (Scarzello et al., 2006) . Because these tumors typically occur in the center of the brain near vital structures such as the optic nerve, the hypothalamus, or the pituitary gland, devastating clinical effects are often noted.
Historically, long-term survival rates of 80% to 90% have been achieved with aggressive surgical resection (Garre & Cama, 2007; Karavitaki, Cudlip, Adams, & Wass, 2006; Merchant et al., 2002; Morris et al., 2007) . However, successful therapy for this tumor cannot be measured by survival alone. Life-altering, treatment-related morbidity is common because of damage to the pituitary gland and the hypothalamus. More recent treatment of craniopharyngioma has included limited surgery and the addition of radiation, but this can still cause additional damage to normal brain tissue. Most patients present with a combination of neurological, endocrine, and somatic effects that may be permanent and may even become exacerbated after treatment. This damage is often associated with excessive long-term multisystem morbidity and mortality despite a high cure rate. The long-term health status of conservatively managed craniopharyngioma survivors has not been well described. Thus, the purpose of this study was to analyze the health status of pediatric craniopharyngioma survivors who were treated with limited surgery with or without radiation therapy or chemotherapy at our hospital.
Methods

Patient Selection
Approval from the institutional review board of St. Jude Children's Research Hospital (Memphis, TN) for a retrospective medical record review was obtained. The hospital records of all long-term survivors of craniopharyngioma who were treated at St. Jude and transferred for follow-up to the longterm after completion of therapy clinic were examined. Patients had to be 5 years from diagnosis to be transferred to the after completion of therapy clinic. All patients had a diagnosis of craniopharyngioma between 1987 and 2003. Data recorded included sex, race, age at diagnosis, time since diagnosis, treatment variables (i.e., surgery alone, surgery with radiation therapy, or surgery with radiation therapy and chemotherapy). The history of a shunt placement was also noted.
Health Status Measures
An organ-system analysis included 11 domains of health status: vision, hearing, cardiovascular function, endocrine status, gastrointestinal problems, hematological status, musculoskeletal integrity, neurological status, neurocognitive functioning, genitourinary function, and pubertal progression/reproductive status. Variables within each domain were coded as present, absent, no information available, or information not applicable, such as with gender-specific issues.
Analysis
Demographic and treatment data were characterized with incidence rates. The rates of long-term systemic morbidity were described. Incidence rates were calculated for endocrine and neurological outcomes. Overall survival time was measured from patients' diagnosis date to the date of death. A KaplanYMeier survival curve and the estimated survival rates 5, 10, 15, and 20 years after diagnosis were calculated. Statistical analyses were performed using SAS version 9.1.
Results
Our initial cohort comprised 55 patients. At the time of this analysis, 51 (93%) were alive. The demographics of this group are summarized in Table 1 . Among the 51 survivors (22 men), the median age at diagnosis was 7.1 years (range = 1.2Y17.6 years). At the time of analysis, the median survival was 7.6 years (range = 5.0Y21.3 years). Treatment included surgical biopsy or resection (n = 50) and/or radiation therapy (n = 48). Only one patient received chemotherapy. The most common morbidities in this cohort Although long-term survival for patients with pediatric craniopharyngiomas has been as high as 80%Y90%, life-altering, treatment-related morbidity is common because of pituitary and hypothalamic damage.
were polyendocrinopathy, neurological abnormalities, and neurocognitive problems. Endocrinopathies and metabolic complications are listed in Table 2 . Of the 51 survivors, 49 had hypothyroidism, 47 had adrenocorticotropic hormone deficiency, and 27 had diabetes insipidus. Half were hypogonadal, and 33 were overweight or obese. Low bone mineral density was found in 21 survivors. Most survivors (39) had two or more endocrinopathies. The frequency of neurologic problems is summarized Table 3 . These morbidities included headaches, history of seizures, and abnormal cerebral vessels.
Psychological and educational problems were also identified in many of these individuals. Ten survivors (20%) had documented neurocognitive deficits (full-scale IQ G 80) that required an individual education plan for academic assistance. Two survivors obtained a special education certificate of attendance, 13 received a high school diploma, 2 were college graduates, and 1 completed a postgraduate degree. Fifteen survivors (29%) reported psychological problems, including depression, adjustment disorder, oppositional defiant disorder, Tourette's syndrome, and obsessiveYcompulsive disorder. Communication disorders in study patients included both written and verbal issues with comprehension and expression. These outcomes are summarized in Table 4 .
The review of systems revealed little morbidity related to other organ systems. Although the overall survival rate of patients who had survived at least 5 years from diagnosis was quite good (93%), there were four deaths in this cohort. Two patients died of metabolic complications, one died of cardiac arrest, and one died of recurrent disease. Patient characteristics of this group are summarized in Table 5 , and the KaplanYMeier estimate of survival versus time is shown graphically in Figure 1 .
Discussion
Endocrine dysfunction was the most common morbidity seen in our cohort of craniopharyngioma survivors. Damage to the hypothalamicYpituitary axis from the tumor and the treatment has been widely reported. The pituitary gland produces hormones that influence the activity of numerous target organs and promote body growth, protein synthesis, and fertility. These hormones also regulate glucose metabolism, cortisol/thyroid hormone production, and urine output. Among the patients in our series, 39 (76%) had more than one hormone deficiency or insufficiency. Reviewing advances in treatment and (Ahmet et al., 2006; Armstrong et al., 2009; Pedreira et al., 2006) . In fact, Ohmori, Collins, and Fukushima (2007) noted that craniopharyngiomas were associated with greater morbidity than any other brain tumor. Similarly, Morris et al. (2007) reported that craniopharyngioma patients had a significantly greater risk of death from a medical condition than survivors of other central nervous system tumors, and hormone dysfunction was the predominant cause of death. In our series, two of four deaths were from metabolic complications and sepsis. These deaths were potentially avoidable given available lifesaving treatment. Both these patients had a history of panhypopituitarism and were prescribed chronic hormone replacement therapy. The degree of compliance with the prescribed regimens was not known. Brain tumor survivors may not be fully compliant with hormone replacement therapy because of neurocognitive impairment, seemingly asymptomatic conditions, reliance on a caregiver, or complexity of treatment. In addition, compliance with hormone replacement therapy may be complicated by the normal developmental rebellion of adolescence (DiMatteo, Giordani, Lepper, & Croghan, 2002) .
Similar to what has been reported in other studies, our review revealed that two thirds of survivors were either overweight or obese. Hyperphagia, hypothalamic obesity, and metabolic syndrome occur in half of all craniopharyngioma patients. Risk factors for the development of obesity in children surviving craniopharyngioma include hypothalamic involvement, height/weight at diagnosis, need for growth hormone replacement or desmopressin therapy, and hydrocephalus requiring a shunt (Ahmet et al., 2006; Daousi, Dunn, Foy, MacFarlane, & Pinkney, 2005) . Excessive weight gain as a manifestation of hypothalamic injury is generally underestimated because it often takes years to develop and therefore may be underrecognized. Obesity significantly increases the risk of subsequent atherosclerotic cardiovascular disease in survivors (Mong, Pomeroy, Cecchin, Juraszek, & Alexander, 2008) . Merchant (2006) stressed that early assessment by a pediatric specialist is required to correctly manage endocrine deficiencies and to minimize morbidity or mortality. For example, early assessment facilitates plans for intervention. Education is another critical component of care to achieve compliance with hormone replacement therapy and to improve dietary habits. Neuroscience nurses can teach these patients by being available to answer questions, by understanding the late morbidity survivors' experience, and by offering compassionate listening. Carroll (2008) wrote that such clear, focused communication can influence survivors' health choices and support their commitment to complying with needed evaluations.
Focusing on endocrine deficits as the only consequence of craniopharyngiomas is a mistake. The loss of hormone function can often be treated with Journal of Neuroscience Nursing hormone replacement. However, neurological dysfunction frequently includes life-altering sequelae that cannot be corrected (Ullrich, Scott, & Pomeroy, 2005) . In our series, neurological consequences included reduced vision, headache, seizures, and vasculopathy. It is difficult to compare the incidence of these morbidities with those noted in the literature because reports of neurological morbidity after craniopharyngioma often combine outcomes for adult and pediatric patients. The most common neurological toxicities reported include changes in vision, seizures, and vasculopathy. Visual outcomes are compromised in a significant number of survivors, with as many as two thirds experiencing visual field deficits, reduced visual acuity, or at least quadrantanopia (Karavitaki et al., 2005) . Vasculopathy after radiation is well documented (Perry & Schmidt, 2006) . However, in our series, only one third of our survivors had abnormal cerebral vessels; 15% had cerebrovascular disease. The relatively short follow-up in our sample may explain why this was not a more prominent finding. Psychological and educational outcomes were difficult to evaluate in our sample because the median survivor age at the time of review was only 14.7 years. The developing brain of childhood is particularly vulnerable to injury, especially from radiation (Pimperl, 2005) . Children treated for craniopharyngioma can have deficits of higher cortical functions that can impair educational and social performance (Bruce, Chapman, MacDonald, & Newcombe, 2008) . Such deficits may not be identified in standard IQ testing. Ullrich et al. (2005) evaluated 16 craniopharyngioma patients and found that despite normal IQ scores, survivors had specific word retrieval and memory deficits. These abnormalities localized damage to neural structures in the suprasellar region that are involved in transfer from immediate to long-term memory. In addition, longitudinal studies have shown that craniopharyngioma survivors have the slowest reactions times, highest levels of inattentiveness, and global problems with attention (Merchant, 2006) . These deficits contribute to a diverse range of academic underachievement and challenges.
Our study has several limitations. Better defined treatment methods have continued to evolve since the survivors evaluated in this study were treated. However, our results are applicable to craniopharyngioma survivors who were treated between 1987 and 2003. Also, little information was available on the four patients who died. Therefore, data on their health status were not included in this analysis and may be a source of bias. Despite these limitations, our analysis adds important information to the literature on the prevalence and type of health status limitations experienced by pediatric craniopharyngioma survivors.
Implications for Nursing Care
The pervasive health status deficits identified in our study are the basis of a call to action for neuroscience nurses to become advocates for pediatric craniopharyngioma survivors. Nurses are in a unique position to assess patients' risk for health problems, to identify vulnerable individuals, and to design specific educational/behavioral interventions to optimize their health status. These interventions need to incorporate the evolution of digital technologies such as programmed cellular phone text messaging, Web-based chat rooms, and other social media (O'Conner-Von, 2009 ). Nurses can join with computer programmers to design video games to improve survivors' understanding and compliance with needed hormone replacement therapy and follow-up examinations. Social media Web sites using or patterned after Facebook, Reddit, Fark, or Twitter could be used to communicate with survivors. Within these networks, content is selected, prioritized, and shaped by those using the service.
Craniopharyngioma survivors experience many challenges and a great deal of anxiety about their vulnerability. Frank discussions can lessen their anxiety. We have previously shown that nurses can help to create a positive listening environment in which survivors relate complete and honest information about their problems (Crom, Hinds, Gattuso, Tyc, & Hudson, 2005; Crom et al., 2006) .
Conclusion
The number of children surviving craniopharyngiomas has steadily increased over the years, but these survivors can face years of significant medical complications. In a small percentage of patients, this can even include death from other causes during an extended remission of craniopharyngioma. Because these morbidities are so remarkably diverse, craniopharyngioma survivors can benefit greatly from multidisciplinary care and focused nursing interventions.
